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SUMMARY AND CONCLUSIONS 
Extensive examination of the records of the 
U. S. Weather Bureau stations in Illinois for the 
1901 through 1950 period provided data for a de-
tailed study of the hail climatology of Illinois. 
Methods of evaluating cooperative substation r e c -
ords were developed in order to obtain a suffi-
ciently dense network of hail observation points. 
Records from 12 F i r s t -Orde r stations and 73 
cooperative substations were used in the study. 
In an average year the number of hail days at 
a point varies between one and four in Illinois. 
With respect to physiographic divisions, hail is 
most frequent in the Springfield Plain area in the 
west central portion of the state. Two other r e -
gions with relatively high average frequencies are 
located in the Shawnee Hills of southern Illinois 
and in the Rock River Hill Country and Wisconsin 
Driftless Section in the northwestern part of the 
state. Areas of Illinois experiencing the lowest 
number of hail days in an average year include 
a portion of the Galesburg Plain west of the I l l i -
nois River valley and most of eastern Illinois. 
The number of days with hail varies consid-
erably from year to year and from decade to 
decade. As many as ten hail days occurred at 
one station in a single year during 1901 through 
1950; however, no hail days were observed over 
a considerable portion of the state in some years . 
Statistical tests indicated that a relatively long 
period of observations is required at a station to 
obtain a reliable measure of the average frequen-
cy of days with hail. Using data for six F i r s t -
Order stations of the U. S. Weather Bureau, ca l -
culations indicated that a sampling period of 20 
years or longer is required to keep the average 
sampling e r r o r of annual hail frequency for this 
group of stations below 10 percent; however, at 
a part icular station the sampling e r r o r may be 
as great as 20 to 30 percent in any given 20-year 
period. 
In an average year, March through August en-
compasses approximately 80 percent of the annual 
hail days. The pr imary season for hail is spring, 
March through May. The month of most frequent 
hail activity var ies from March through June over 
the state, with a general south to north trend ex-
hibited. Following spring, hail frequency shows 
a continuous decrease through the summer and 
fall months and reaches a minimum in winter. 
Approximately 90 percent of the state exper i -
ences at least one day with hail in an average 
year. During an average July and August, when 
the major Illinois crops are most susceptible to 
hail damage, only 25 percent of the state has one 
or more days with hail . 
The area experiencing hail on a single day 
normally is greater in March and April than at 
any other time of the year. Hail occurrences 
during a day in middle or late summer a re usually 
res t r ic ted to a relatively small a rea . 
Most of the extensive hai ls torms in Illinois 
occur in Spring. They are usually associated with 
strong synoptic weather systems which have p ro -
nounced frontal contrasts and strong winds. Heavy 
rainfall character izes a majority of these s to rms . 
The 24 days having the most extensive hai ls torms 
during the period from 1925 to 1948 occurred be-
tween March and June, and in 71 percent of these 
s to rms , more than one inch of rain fell over at 
least one-third of the state. In 54 percent of the 
s to rms , mean rainfall exceeded two inches over 
5000 square miles , while in 42 percent of the 
s torms the mean rainfall exceeded three inches 
over 1000 square mi les . 
Diurnally, hail in Illinois, just as tornadoes, 
maximizes in the afternoon with the peak three 
hours of activity from 2:30 P.M. to 5:30 P.M. 
This diurnal distribution suggests that the violent 
convection necessary for hail and tornado devel-
opment is realized most often at the time of maxi-
mum diurnal heating. Thunderstorms occur with 
the greatest frequency two to three hours after 
hail and tornadoes, while heavy ra ins torms exhibit 
a night maximum. 
High frequencies of hail in the Rock River Hill 
Country-Wisconsin Driftless Section and in the 
Shawnee Hills Section may be related to the sharp 
contrasts in relief between the outcroppings and 
the relatively flat plains to the south and south-
west of these hill regions. Elevation alone does 
not appear to affect significantly the frequency of 
hail in Illinois. A poor correlation was found be-
tween station elevation and annual hail frequency. 
A slight tendency for hail frequency to increase 
with elevation was indicated in summer , but this 
tendency was not sufficient to be considered s ta -
tistically rel iable. 
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INTRODUCTION 
The p u r p o s e of th i s s tudy is to p rov ide a c l i -
ma to log ica l d e s c r i p t i o n of h a i l s t o r m s in I l l i no i s . 
The study was u n d e r t a k e n as p a r t of the g e n e r a l 
p r o g r a m of the Meteo ro logy Sect ion of the Sta te 
Water Survey , which i s d i r e c t e d toward obtaining 
a g r e a t e r unde r s t and ing and knowledge of the p r e -
c ip i ta t ion p r o c e s s e s and t h e i r behav io r in I l l i no i s . 
A r e l a t e d s tudy, not r e p o r t e d h e r e , i s being c o n -
ducted unde r con t r ac t with the C r o p - H a i l A c t u a r i a l 
Assoc i a t i on to inves t iga t e p a s t and p r e s e n t I l l inois 
h a i l s t o r m s by c o r r e l a t i n g c r o p ha i l damage with 
r a d a r da ta and su r face and uppe r a i r w e a t h e r 
m a p s .(1) 
The p r e s e n t r e p o r t i s devoted p r i m a r i l y to 
p r e s e n t a t i o n of ex tens ive s t a t i s t i c a l a n a l y s e s of 
the da i ly , month ly , s e a s o n a l , and annua l d i s t r i b u -
t ion of ha i l in the s t a t e . However , s o m e c o n -
s i d e r a t i o n h a s been given to phys ica l f a c t o r s af-
fect ing ha i l d i s t r i bu t ion and to the a s s o c i a t i o n of 
r a in fa l l and o the r synopt ic w e a t h e r f e a t u r e s with 
h a i l s t o r m s . 
DESCRIPTION OF DATA 
In under t ak ing the ha i l s tudy , the a u t h o r s w e r e 
faced with much the s a m e type of da ta p r o b l e m s 
encoun te r ed in an e a r l i e r r e p o r t . 
(2) H a i l s t o r m s 
and t h u n d e r s t o r m s a r e w e a t h e r phenomena o f r e l a -
t ive ly s m a l l a r e a l ex tent which ex i s t in one l o c a -
t ion for only a l im i t ed p e r i o d , u s u a l l y only a few 
m i n u t e s . T h e r e f o r e , a m a j o r p r o b l e m e n c o u n t e r e d 
was to obtain a n e t w o r k of o b s e r v a t i o n s t a t i ons 
which would r e p r e s e n t adequa te ly the a r e a l and 
s e a s o n a l v a r i a t i o n s of ha i l o c c u r r e n c e s . This 
p r o b l e m was solved l a r g e l y by us ing data f r o m 
U. S. Wea the r B u r e a u c o o p e r a t i v e subs t a t ions in 
the s t a t e in conjunction with da ta f r o m the F i r s t -
O r d e r s t a t i ons in and n e a r I l l i no i s . However , the 
inc lus ion of the c o o p e r a t i v e subs t a t i on da ta led 
to ano the r m a j o r p r o b l e m . The r e l i ab i l i t y of s u b -
s ta t ion r e c o r d s i s ques t ionab le b e c a u s e the n u m -
b e r of days with ha i l , t h u n d e r s t o r m s , and o the r 
e l e m e n t s i s r e p o r t e d m e r e l y on a " y e s " or " n o " 
b a s i s . Re l iab i l i ty o f t h e s e "days wi th" r e c o r d s 
v a r i e s cons ide rab ly depending on the i n t e r e s t and 
qua l i f i ca t ions of vo lun tee r o b s e r v e r s who ma in t a in 
the coope ra t i ve s u b s t a t i o n s . S e v e r a l me thods of 
eva lua t ion w e r e appl ied to the coope ra t ive s u b -
s ta t ion da ta in o r d e r to m a k e i t u s a b l e in th i s 
s tudy . 
The p e r i o d se l ec t ed for the ha i l s tudy was the 
50 y e a r s extending f rom 1901 th rough 1950. D u r -
ing m o s t of t h i s pe r iod , da ta w e r e ava i l ab le f r o m 
five F i r s t - O r d e r s t a t ions in I l l i no i s . In addi t ion , 
s even F i r s t - O r d e r s t a t i o n s j u s t ou t s ide the s ta te 
b o u n d a r i e s had data for a l l or p o r t i o n s of th i s 
5 0 - y e a r p e r i o d . The twelve F i r s t - O r d e r s t a t ions 
and t h e i r p e r i o d s of r e c o r d u s e d in t h i s s tudy a r e 
shown in Table 1 . B e c a u s e t h e s e F i r s t - O r d e r 
TABLE 1 
F I R S T - O R D E R STATION HAIL DATA DURING 
THE PERIOD 1901 THROUGH 1950 
Coopera t ive subs t a t ion p r i o r to 1942. 
s t a t i ons a r e o p e r a t e d by t echn ica l p e r s o n n e l of 
the U. S . W e a t h e r B u r e a u , the da ta a r e c o n s i d -
e r e d r e l i a b l e and s e r v e d a s the ana ly t i ca l b a s i s 
of r e f e r e n c e for the e n t i r e s tudy. 
Although ques t ionab le i n s o m e i n s t a n c e s , s u b -
s ta t ion r e c o r d s o f ha i l a r e p robab ly m o r e r e l i a b l e 
than o t h e r f o r m s of "days w i th" data r e c o r d e d by 
vo lun t ee r o b s e r v e r s . Because ha i l i s an u n u s u a l 
event and o c c u r s somewha t inf requent ly in I l l i -
n o i s , i t p robab ly a t t r a c t s m o r e a t ten t ion f r o m the 
FIGURE 1 REFERENCE MAPS 
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observers than other weather phenomena that they 
are asked to report , such as thunderstorms, fog, 
haze, and high winds. 
The problem presented by the questionable 
substation data was approached in two ways. The 
first method of evaluating and translating the data 
into annual and seasonal statist ics was accom-
plished by plotting on individual maps all substa-
tion and F i r s t -Order station hail data for each 
year from 1901 through 1950. Then, lines of equal 
hail occurrences were drawn on each map to ob-
tain an annual pattern. Next, a map overlay hav-
ing grids representing square miles was con-
structed for Illinois. This overlay was then placed 
over each annual map, and an average numerical 
value was determined for each square from the 
underlying hail pattern. This technique was ap-
plied separately by two individuals to determine if 
significant variations might be created in the sub-
jective analysis of the maps. However, this meth-
od met with failure because prolonged periods of 
poor records at several substations in certain 
a r eas , especially in southern Illinois, provided 
averages that were incompatible with those shown 
for nearby F i r s t -Orde r stations. This method was 
then discarded. 
The second method for solving the problem of 
questionable substation hail records was much the 
same as that used in a previous report on thun-
ders to rms . ( 2 ) Annual hail values for each sub-
station were listed from 1901 through 1950. Then, 
the years of observer changes were marked along 
this listing. Obvious periods of time with very 
few or no hail reports could easily be observed 
and these periods of record discarded. These p e -
riods of unsatisfactory records were identified 
also with certain observers . Data reported dur-
ing the entire period of service by these obser -
vers were not used in the hail analysis . Once 
these periods of questionable hail data had been 
eliminated, averages based on the remaining data 
were compared with those from nearby F i r s t -
Order stations to determine if they were compati-
ble. During the 50 years under study the number 
of cooperative substations in Illinois with hail 
records increased from 85 in 1901 to 238 in 1950. 
Detailed examination and evaluation of substa-
tion records resulted in 85 stations, including 12 
F i r s t -Order stations, with at least five years of 
satisfactory hail records . Due to inaccuracies 
in observations, most of the substations had con-
siderably less than 50 years of acceptable hail 
r ecords . Of the 85 stations used in the study, 
50 stations, including 11 F i r s t -Order stations, had 
20 or more years of acceptable records . The 
number of stations with acceptable records for 
various periods of years is shown in Table 2. 
The station locations are shown in Figure la, 
which also shows the approximate number of ac-
ceptable years for each station. The number of 
available stations with acceptable years of record 
varied only slightly from year to year . For in-
stance, 43 stations had acceptable records in 1905 
while there were 44 stations with acceptable r e c -
ords in 1950. Obviously, the number of stations 
with acceptable records did not increase propor-
tionately with the increasing number of coopera-
tive stations from 1901 through 1950. 
TABLE 2 
NUMBER OF STATIONS WITH ACCEPTABLE 
YEARS OF HAIL RECORDS FOR VARIOUS 
PERIODS DURING 1901 THROUGH 1950 
ANNUAL HAIL 
A study was made of the spatial distribution 
of hail in Illinois on an annual basis . In this 
phase of the study, efforts were concentrated on: 
calculation of averages and frequency distr ibu-
tions, evaluation of sampling e r r o r s , and inves-
tigation of physical factors affecting the hail d i s -
tribution. 
AREAL DISTRIBUTION 
The average distribution of hail days is i l lus -
trated in Figure 2. County boundaries and the 
locations of ten major cities are shown in the 
background for reference purposes. In this figure, 
the average has been expressed in te rms of num-
ber of days with hail in an average ten-year pe -
riod, since the average number of days per year 
is relatively small . Figure 2 shows that the an-
nual hail maximum occurs in the southwestern 
portion of central Illinois in the Springfield Plain. 
Secondary maxima are indicated in the extreme 
northwest portion, of the state in the Rock River 
Hill Country and Wisconsin Driftless Section and 
in the extreme southern part of the state in the 
Shawnee Hills and Mt. Vernon Hill Country. These 
regions are identified with physiographic divisions 
in Illinois(3) shown on Figure lb . Areas of mini-
mum occurrence are indicated in eastern Illinois 
and in north central Illinois and west of the Il l i-
nois River valley in the Galesburg Plain. 
PHYSICAL FACTORS AFFECTING 
DISTRIBUTION 
Hail statist ics compiled by the U. S. Weather 
Bureau (4 ) and others show that the frequency of 
hail increases with elevation within areas of well-
defined topographic differences. Although the hill 
regions of northwestern and southern Illinois do 
lot have elevations exceeding 1200 feet above mean 
10 
FIGURE 2 ANNUAL AVERAGE HAIL DISTRIBUTION EXPRESSED AS NUMBER OF DAYS WITH HAIL PER 10-YEAR PERIOD 
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sea level, they are comparatively rugged with up-
lands that a re complexly dissected and hills that 
r i se rather abruptly from the flat lands to the 
south, as shown in Figure lb . Because the p r e -
vailing windflow is southerly, these flat lands lie 
upwind from the two hill a r eas . Consequently, it 
appears likely that the hail maxima in the extreme 
northwest and southern portions of the state are 
related to the abrupt changes in the local relief 
rather than to the relatively small differences in 
elevation within the regions. This subject will be 
treated in greater detail in a later section on r e -
lation of hail to elevation. 
The area of maximum hail frequency in the 
state lies in the western portions of the Spring-
field Plain, which has no pronounced changes in 
relief in relation to the topography of the land 
surrounding it (Fig. lb). According to the U. S. 
Weather Bureau, (4) this region lies within a hail 
belt of heavy activity extending from Oklahoma 
and Kansas east-northeastward across Missouri, 
Illinois, Indiana, and Ohio to Pennsylvania. The 
Weather Bureau has pointed out that this is a non-
orographic maximum which coincides roughly with 
a region of strong frontal activity. 
Figure 3 shows the annual frequency of thun-
ders to rm days with rainfall of 0.10 inch or 
more.(2) The ten dots shown on this map and on 
subsequent figures in this report are cities which 
serve as location reference points and are named 
on Figure 2. Figure 3 was used for comparison 
of the hail and thunderstorm pat terns . These two 
atmospheric phenomena are closely related. The 
0.10-inch level was chosen for defining thunder-
storm occurrences to minimize observational in-
consistencies,(2) which may occur with very small 
amounts of rain; also, hail is generally associated 
with strong thunderstorm activity that produces 
rainfall in excess of 0.10 inch. Comparison of 
Figures 2 and 3 reveals a ridging in the thunder-
s torm pattern in the general region of the hail 
maxima in the southwestern part of central I l l i -
nois and in the northwestern region of the state. 
However, a similar ridge in thunderstorm fre-
quency within the Shawnee Hills region is not in-
dicated on Figure 3. Only a one-way increase 
to the south is evident across this a r ea . A trough 
in the thunderstorm pattern is indicated west of 
the Illinois River valley near the hail minimum in 
that a rea shown in Figure 2. Also, there is some 
indication of a thunderstorm trough in eastern 
Illinois corresponding to the minimum in the hail 
pattern in this region. 
Figure 4 shows the ratio of annual hail f re -
quency to annual thunderstorm days with rainfall 
of 0.10 inch or more. The ratios are expressed 
in percent. Reference to this figure reveals r e l a -
tively high ratios in northwestern Illinois, southern 
Illinois, and the southwestern portion of central 
Illinois associated with the hail maxima in these 
regions. Relatively low ratios a r e indicated in 
north central and northeastern Illinois. Another 
study(2) has shown that in eastern and northeast-
ern Illinois 20 percent of the days with hail have 
no repor ts of thunderstorms, whereas in most of 
western and southern Illinois over 90 percent of 
the days with hail have thunderstorms. 
RELIABILITY OF DISTRIBUTION PATTERN 
Next, the reliability of the hail distribution 
pattern was investigated, since there was some 
question as to whether the hail maxima in north-
western, southwest central , and southern Illinois 
were persis tent or had been induced by a few 
years of unusually frequent hail occurrences in 
these a r e a s . As a test of the persistency of the 
average pattern, hail maps were drawn for each 
of five decades from 1901 through 1950. These 
are shown in Figure 5. Reference to these maps 
shows that the three a reas of maximum activity 
tend to pers is t in the same general pattern 
throughout the five decades, although some devia-
tions from the average pattern (Fig. 2) are ap-
parent in separate decades. 
The map for 1901 through 1910 shows areas 
of high hail frequency in the northwestern part 
of the state and in the Springfield Plain in the 
approximate positions of the maxima shown by 
Figure 2. The Shawnee Hills - Mt. Vernon Hill 
Country maximum is not pronounced, but low fre-
quency areas in eastern Illinois and in the Gales-
burg Plain are shown. 
Figure 5b for the second ten-year period, 1911 
through 1920, shows the northwestern and Spring-
field Plain maxima, and an indication of the Shaw-
nee Hills - Mt. Vernon Hill Country maximum in 
southern Illinois. A low frequency area is again 
shown in the eastern part of the state and the 
Galesburg Plain. 
Figure 5c for 1921 through 1930 shows regions 
of high frequency in northwestern Illinois and in 
the southwestern portion of central Illinois, a l -
though the regions a re not in the exact positions 
shown by the average pattern of Figure 2. Again, 
the Shawnee Hills-Mt. Vernon Hill Country maxi-
mum is shown and low frequency areas in eastern 
Illinois and west of the Illinois River are indi-
cated, in general agreement with the average pat-
tern . 
The fourth ten-year period, 1931 through 1940, 
does not agree as well with the average pattern 
of Figure 2 as do the three previous decades. 
However, in some regions, especially in the high 
frequency area of the Springfield Plain, there is 
excellent correspondence between the average and 
decade pat terns . The northwestern Illinois maxi-
mum is indicated, but it extends farther south-
eastward in the 1931 through 1940 period than 
indicated by the average pattern (Fig. 2) or by 
any of the maps for the three previous ten-year 
periods. A region of frequent activity is indi-
cated in the Shawnee Hills, but apparently is an 
extension of a high, centered to the south over 
the Coastal Plain rather than in the hill region. 
Low frequency areas again are indicated in north-
eastern Illinois and west of the Illinois River. 
The last ten-year period, 1941 through 1950, 
shown in Figure 5e, has a reas of high occurrence 
in the Shawnee Hills and the Rock River Hill 
Country of northwestern Illinois. A third high 
a rea is shown in the southwestern part of cen-
t ra l Illinois but it extends northeastward across 
the state to Peor ia rather than eastward as shown 
by the average pattern of Figure 2. The low f re -
FIGURE 3 FREQUENCY OF THUNDERSTORM DAYS PER YEAR WITH 
RAINFALL OF 0.10 INCH OR MORE 
FIGURE 4 RATIO OF ANNUAL HAIL DAYS TO THUNDERSTORM DAYS 
WITH RAINFALL OF 0.10 INCH OR MORE 
FIGURE 5 NUMBER OF HAIL DAYS PER DECADE 
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quency a r e a in the w e s t e r n p o r t i o n s of the G a l e s -
b u r g P l a i n i s not v e r y p r o n o u n c e d . In m o s t c a s e s , 
the five t e n - y e a r p e r i o d s show p a t t e r n s ba s i ca l l y 
s i m i l a r to the a v e r a g e p a t t e r n of F i g u r e 2 with 
r e s p e c t to a p p r o x i m a t e loca t ion of ou ts tanding 
f e a t u r e s . 
SAMPLING ERRORS ASSOCIATED 
WITH POINT AVERAGES 
Although the t e n - y e a r p a t t e r n s in F i g u r e 5 
show c o n s i d e r a b l e s i m i l a r i t y t o the a v e r a g e p a t -
t e r n of F i g u r e 2, d i f fe rences in shape of p a t t e r n , 
exac t loca t ion of a r e a s of high and low f r e q u e n -
cy, and magn i tude of the t e n - y e a r a v e r a g e s a r e 
suff ic ient in s o m e i n s t a n c e s to ind ica te tha t t e n -
y e a r p e r i o d s a r e u n s a t i s f a c t o r y for defining the 
a v e r a g e d i s t r i bu t ion of ha i l in the s t a t e . To fu r -
t h e r i n v e s t i g a t e the s amp l ing r e q u i r e m e n t s for 
defining the a v e r a g e n u m b e r of ha i l days p e r 
y e a r , a s tudy was m a d e of the t e m p o r a l v a r i a b i l i t y 
of ha i l a t U. S . W e a t h e r B u r e a u F i r s t - O r d e r s t a -
t ions by u s e of moving a v e r a g e s . S ta t ions u s e d 
in t h i s p h a s e of the a n a l y s i s w e r e Spr ingf ie ld , 
St. L o u i s , C a i r o , P e o r i a , Ch icago , and Mol ine . 
Moving a v e r a g e s w e r e ca l cu l a t ed for p e r i o d s of 
40 , 30, 25 , 20 , 15, and 10 y e a r s . A v e r a g e and 
m a x i m u m dev ia t ions f rom the a v e r a g e o r m e a n 
n u m b e r of ha i l days p e r y e a r , b a s e d on the l ong -
t e r m 1901 th rough 1950 r e c o r d s , w e r e then d e -
t e r m i n e d for each p e r i o d of the moving a v e r a g e s 
a t e a c h s t a t i on . The dev ia t ions w e r e e x p r e s s e d 
in p e r c e n t , and the r e s u l t s a r e s u m m a r i z e d in 
Tab le 3 . Thus , a t Spr ingf ie ld by a v e r a g i n g al l 
t en of the 4 0 - y e a r moving a v e r a g e s i t was found 
tha t the a v e r a g e devia t ion f r o m the 1901 th rough 
1950 m e a n was two p e r c e n t , while the m a x i m u m 
dev ia t ion among the ten indiv idual 4 0 - y e a r moving 
a v e r a g e s was seven p e r c e n t . F o r 2 5 - y e a r p e r i o d s , 
the a v e r a g e devia t ion was found to be t h r e e p e r -
cent and the m a x i m u m was ten p e r c e n t , whi le for 
1 0 - y e a r p e r i o d s the a v e r a g e was e ight p e r c e n t 
and the m a x i m u m was 28 p e r c e n t . As one would 
expec t , the dev ia t ions o r s amp l ing e r r o r s i n c r e a s e d 
with d e c r e a s i n g o b s e r v a t i o n a l p e r i o d . 
Tab le 3 shows tha t r e l a t i v e l y l a r g e e r r o r s can 
be i n t r o d u c e d in the a v e r a g e f requency of ha i l 
when a t e n - y e a r p e r i o d is u s e d to compute the 
a v e r a g e a t a s t a t i on . As th i s t ab l e i n d i c a t e s , an 
o b s e r v a t i o n a l p e r i o d of 25 y e a r s or longer should 
be u s e d to k e e p the sampl ing e r r o r at a l eve l of 
20 p e r c e n t or l e s s . I f a t e n - y e a r p e r i o d is u s e d , 
e r r o r s up to a p p r o x i m a t e l y 50 p e r c e n t m a y be 
i n t r o d u c e d in the a v e r a g e f r equency at a s ingle 
po in t . 
To obta in a m e a s u r e of the y e a r - t o - y e a r v a r i -
abi l i ty in the annual n u m b e r of ha i l d a y s , the c o -
eff icient of v a r i a t i o n of annual ha i l at v a r i o u s 
s t a t i o n s in the s t a t e was c a l c u l a t e d . The r e s u l t s 
of t h e s e ca l cu la t ions ind ica ted tha t a coeff icient 
of v a r i a t i o n of a p p r o x i m a t e l y 73 p e r c e n t was r e p -
r e s e n t a t i v e for s t a t i ons th roughou t the s t a t e . The 
coeff ic ient of v a r i a t i o n fo rmula i s : 
T A B L E 3 
RELIABILITY OF ANNUAL HAIL AVERAGES 
BASED ON VARIOUS SAMPLING PERIODS 
Devia t ion (%) f r o m 1901 th rough 1950 Mean for 
A v e r a g e s B a s e d on Given B a s e P e r i o d s ( y r s . ) 
w h e r e CV = coefficient of v a r i a t i o n , SD = s t a n -
d a r d dev ia t ion , and m = the p e r i o d a v e r a g e . The 
r e l a t i v e l y g r e a t t i m e v a r i a b i l i t y o f ha i l i s indi -
ca ted by the magn i tude of the coeff ic ient . 
T o i l l u s t r a t e fu r the r the y e a r - t o - y e a r v a r i -
ab i l i ty in the n u m b e r and d i s t r i b u t i o n of ha i l days 
in the s t a t e , m a p s for four s e p a r a t e y e a r s have 
been p r e s e n t e d in F i g u r e 6 . On t h e s e m a p s , the 
ha i l d i s t r i b u t i o n s for 1911, 1912, 1935, and 1936 
a r e shown. F i g u r e 6a shows tha t a r e l a t i v e l y 
l a r g e n u m b e r of h a i l days w e r e r e c o r d e d o v e r a 
l a r g e p o r t i o n of the s t a t e du r ing 1911. Hai l was 
m o s t f requent in the n o r t h w e s t , c e n t r a l , and s o u t h -
e a s t p o r t i o n s of the s t a t e . The n u m b e r of h a i l 
days a t individual s t a t i o n s r anged f r o m z e r o to 
n i n e . 
The m a p for 1912 i n d i c a t e s tha t s o m e a r e a s 
r e c e i v e d a l a r g e n u m b e r of h a i l s t o r m s , a l though 
a s m a l l e r a r e a of the s t a t e e x p e r i e n c e d t h e s e 
e x t r e m e va lues than in 1911 . The c o n c e n t r a t i o n 
of ha i l was p r i n c i p a l l y in wes t c e n t r a l and south 
c e n t r a l I l l inois w h e r e a s m a n y a s n ine ha i l days 
w e r e r e c o r d e d a t ind iv idua l s t a t i o n s . 
FIGURE 6 NUMBER OF HAIL DAYS IN SELECTED YEARS 
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FIGURE 7 FREQUENCY DISTRIBUTION OF ANNUAL HAIL DAYS 
FIGURE 8 FREQUENCY DISTRIBUTION OF 2-YEAR HAIL DAYS 
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Figure 6c shows the distribution in 1935, a 
year when hail was relatively sparse in the state. 
The maximum number of days with hail recorded 
at any station was four and the majority of the 
stations had none or one. The year 1936 (Fig. 
6d) was again one of relatively few hail days. 
The maximum number was four, while zero or 
one was recorded over most of the state. 
As indicated ea r l i e r , Figure 2 shows the ave r -
age hail distribution for the state. In order to 
obtain a measure of the reliability of the pattern 
that it shows, calculations of the standard devia-
tion and coefficient of variation of the averages 
for individual stations were made. Results of 
these calculations indicate that the coefficient of 
variation of the average at any point is approxi-
mately 15 percent. That i s , if a s imilar period 
of records was analyzed, there are two chances 
out of three that the average values indicated in 
Figure 2 would be within 15 percent of those in-
dicated by the new sample. There is only one 
chance in twenty that a new sample average would 
differ by more than 30 percent from the average 
values of this figure at any given point. Although 
the coefficients of variation of the annual hail 
averages are not extremely large , these coeffi-
cients do show that great emphasis should not be 
placed on apparently small changes in shape and 
magnitude of the areal hail pattern in Illinois 
shown in Figure 2. 
FREQUENCY DISTRIBUTION 
To provide additional information on the d i s -
tribution of hail in the state, the frequency d i s -
tribution for individual stations was calculated. 
Results of these calculations are summarized in 
Figure 7. Figure 7a shows the number of hail 
days which will be equaled or exceeded on an 
average of one year in five at any given point. 
Thus, referring to Figure 7a, it is seen that in 
extreme northwestern Illinois an average five-
year period will have one year in which there 
will be at least six hai ls torms at each point in 
the region; or stating it more realist ically, in 
10 years out of a 50-year period, there will be 
six or more hai ls torms per year at any given 
point in this a rea . Figures 7b and 7c show 10-
year and 20-year frequency distributions, r e s -
pectively. As would be expected, Figure 7 indi-
cates patterns similar to Figure 2 with maximum 
occurrences in northwestern, southwest central, 
and extreme southern Illinois and a minimum in 
the eas tern part of the s ta te . The low occurrence 
FIGURE 9 FREQUENCY DISTRIBUTION OF 5-YEAR HAIL DAYS 
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FIGURE 10 SPRING AVERAGE HAIL DISTRIBUTION EXPRESSED AS NUMBER OF DAYS WITH HAIL PER 10-YEAR PERIOD 
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area west of the Illinois River valley is p r o -
nounced on the 5-year frequency map but becomes 
less distinguishable on the 10- and 20-year maps. 
To obtain a measure of the probability of ab-
normal hail occurrences over several consecutive 
years an additional frequency analysis was made. 
In this analysis, the frequency distribution of the 
maximum number of hail days in two consecutive 
years and in five consecutive years was calcu-
lated for various stations throughout the state. 
Results of these computations are summarized 
in Figures 8 and 9. 
The map in Figure 8a indicates the maximum 
number of hail days within two consecutive years 
which will occur once in an average five-year 
period or ten t imes in 50 y e a r s . For example, 
at points in extreme northwestern Illinois there 
will be ten times in 50 years when the total num-
ber of hail days for two consecutive years will 
equal or exceed seven. Similarly, Figures 8b 
Analysis was made of the distribution of hail 
days during various seasons, with pr imary em-
phasis on spring and summer . Most of the hail 
FIGURE 11 FREQUENCY OF SPRING THUNDERSTORM DAYS WITH 
RAINFALL OF 0.10 INCH OR MORE 
and 8c indicate that five t imes in 50 years there 
will be a two-year total of ten or more hail days 
at points in extreme northwestern Illinois, while 
once in an average 20-year period there will be 
a two-year total of 12 or more in this a rea . 
Again, the distribution patterns shown in Figure 
8 a re s imilar in shape, orientation, and location 
to those shown for average annual hail in Figure 
2; that i s , peaks in the patterns occur in nor th-
western, southwest central , and extreme southern 
Illinois, while a reas of relatively infrequent hail 
occurrences a re present in eas tern Illinois and 
in the region west of the Illinois River valley. 
Figure 9 is similar to Figure 8, except that 
recur rence intervals a re shown for hail totals 
over periods of five consecutive yea r s . Thus, 
Figure 9a shows the maximum number of hail 
days during five consecutive years which may be 
expected to occur once during an average 10-
year period or five t imes during a 50-year pe -
riod. Pat terns again a r e s imilar to the average 
pattern of Figure 2. 
is experienced and the probability of crop damage 
is greatest in these two seasons. 
FIGURE 12 SPRING MEAN TEMPERATURES 
SEASONAL HAIL 
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FIGURE 13 FREQUENCY DISTRIBUTION OF HAIL DAYS IN SPRING 
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FIGURE 14 FREQUENCY DISTRIBUTION OF 2-YEAR HAIL DAYS IN SPRING 
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SPRING DISTRIBUTION 
Figure 10 shows the average hail distribution 
during March through May, defined here as spring. 
The averages are expressed in number of spring 
hail days in an average ten-year period. Com-
parison of Figure 10 with the average annual map 
of Figure 2 reveals considerable similarity be -
tween the pat terns . In both cases , the maximum 
is in the Springfield Plain, although the spring 
maximum is slightly southeast of the annual maxi-
mum. There is an a rea of relatively high f r e -
quency in the Shawnee Hills region. Both the 
spring and annual maps show a high area in north-
western Illinois, although the high is more p r o -
nounced on the annual map. Both maps show a 
low area in the eastern portion of the state. The 
low, west of the Illinois River valley on the annual 
map, is not pronounced in spring. 
To obtain a measure of the reliability of the 
hail distribution map of Figure 10, the coefficient 
of variation of the spring averages was calculated. 
Results indicate a coefficient of variation of 16 
percent for spring, compared to 15 percent for 
the annual averages . 
Figure 11 shows the frequency of thunderstorm 
days during spring with a rainfall of 0.10 inch or 
more . ( 2 ) Figures 10 and 11 do not show as many 
striking s imilar i t ies as existed between annual 
hail and thunderstorm days (Figs. 2-3). However, 
the spring thunderstorm frequency map (Fig. 11) 
does show a ridging effect in the general region 
of the hail maximum in the Springfield Plain and 
some indications of a ridging effect in the nor th-
western part of the state. 
Figure 12 shows the mean temperature d i s -
tribution for spring. It is interesting to note that 
a relatively cool a rea exists in the Shawnee Hills 
region, synonomous with the hail maximum in 
that a rea . Also, a ridge in the temperature field 
in western Illinois corresponds quite closely with 
the area of maximum thunderstorm frequency in 
that region. 
Spring is the season of most frequent hai l -
s torms in Illinois. Using all stations with 20 
years or more of acceptable records , it was found 
that on the average 53 percent of the annual num-
ber of hail days occurs during spring in the no r -
thern half of the state and approximately 61 p e r -
cent in the southern part of the state. 
Figure 13 shows the number of spring hail 
days which will be equaled or exceeded during 
FIGURE 15 FREQUENCY DISTRIBUTION OF 5-YEAR HAIL DAYS IN SPRING 
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FIGURE 16 SUMMER AVERAGE HAIL DISTRIBUTION EXPRESSED AS NUMBER OF DAYS WITH HAIL PER 10-YEAR PERIOD 
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one spring within average periods of 5, 10, and 
20 years . Interpretation of these maps is the 
same as described for the frequency distributions 
depicted by the annual maps of Figure 7. Figure 
13a shows a rather uniform distribution over the 
state of the once in five-year occurrences, which 
range from three to four hail days in southern 
and western Illinois to two to three days over the 
remainder of the s ta te . Greater range in the 
distribution is shown by the 10-year and 20-year 
maps in Figures 13b-c. 
Figures 14 and 15 show the frequency distr ibu-
tion of consecutive two-year and five-year hail 
totals for spring. Thus Figure 14a shows the 
maximum number of hail days to be expected 
during two consecutive springs once within an 
average five-year period or ten t imes during a 
fifty-year period. Interpretation of Figures 14 
and 15 is the same as discussed previously for 
annual hail days (Figs. 8-9). 
SUMMER DISTRIBUTION 
The average distribution of hail days during 
the three summer months of June, July, and Au-
gust is shown in Figure .16. Reference to this 
map shows hail maxima in northwestern Illinois 
and the southwest part of central Illinois. These 
maxima are located similarly to those on the map 
for annual averages (Fig. 2). Also, pronounced 
hail minima are found in the Galesburg Plain and 
the Illinois River valley in summer . However, 
the Shawnee Hills maximum and the eas tern I l l i -
nois minimum of Figure 2 are not present on the 
summer map. Fur thermore , in summer the a rea 
with the highest frequency of hail days is in north-
western Illinois rather than the southwest part of 
central Illinois. Also, Figure 16 shows a minor 
region of high hail frequency in the Chicago a rea , 
which appears as a region of relatively low f re -
quency on the annual and spring maps. Compari-
son of the spring and summer maps reveals that 
the number of hail days decreases throughout the 
state in summer . 
The coefficient of variation of the averages for 
summer (Fig. 16) was found to be 23 percent, 
compared to 16 percent and 15 percent for spring 
and annual averages , respectively. Thus, the r e -
liability of the summer frequency distribution is 
less than that for the annual and spring distr ibu-
tions shown in Figures 2 and 10. 
The frequency of thunderstorm days in summer 
with rainfall of 0.10 inch or more is shown in 
Figure 17.(2) In northwestern and southwest cen-
t ra l Illinois, high frequency areas are indicated 
on both maps, but close agreement elsewhere is 
not indicated. 
The average percent of the annual hail o c -
curring in summer exceeds 40 percent in the Rock 
River Hill Country of northwestern Illinois, while 
a large a rea in southern Illinois has less than 20 
percent of its annual hail in summer . The state 
average is 26 percent for summer as compared 
to 57 percent in spring. 
Figure 18 shows the number of hail days in 
summer which will be equaled or exceeded once 
during average periods of 5, 10, and 20 yea r s . 
Figures 19 and 20 show the frequency distr ibu-
tion of the maximum number of hail days in sum-
mer for two consecutive and five consecutive 
years . The interpretation of Figures 18 to 20 is 
the same as that described for annual hail (Figs. 
7-9). 
During July and August, corn and soybeans, 
the major crops of the state, are normally in 
stages of growth most susceptible to hail dam-
age. Consequently, an investigation was made of 
the hail distribution during these two months. 
The average hail frequency, expressed as the 
average number of July-August hail days per ten 
years , is given in Figure 21. 
This figure shows similar i t ies between the 
July-August distribution, the summer distribution, 
and the annual distribution. The greates t f re -
quency of hai ls torms during the July-August p e -
riod is found in the extreme northwestern part 
of the state in the Rock River Hill-Wisconsin 
Driftless Section. Secondary maxima are indi-
cated in the Springfield Plain region and in ex-
t reme eastern Illinois. Areas of relatively low 
frequency for these two months are indicated in 
the central and north central portions of the state. 
FIGURE 17 FREQUENCY OF THUNDERSTORM DAYS IN SUMMER WITH 
RAINFALL OF 0.10 INCH OR MORE 
Figure 22 shows the maximum number of hail 
occurrences recorded in any single year during 
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FIGURE 18 FREQUENCY DISTRIBUTION OF HAIL DAYS IN SUMMER 
FIGURE 19 FREQUENCY DISTRIBUTION OF 2-YEAR HAIL DAYS IN SUMMER 
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FIGURE 2D FREQUENCY DISTRIBUTION OF 5-YEAR HAIL DAYS IN SUMMER 
the July-August period, based upon stations with 
acceptable records for 20 years or longer. This 
map indicates that more than two hai ls torms in 
any year during this two-month period is very 
unusual. Over 75 percent of the stations did not 
exceed two occurrences per year during their 
period of record. Only 11 percent of the stations 
recorded more than three hai ls torms during this 
period in any one year . 
SPRING-SUMMER DISTRIBUTION 
An analysis of hail distribution was performed 
for the combined spring and summer seasons, 
which include the months of March through August. 
As mentioned previously, this is the period when 
most hail occurs in Illinois, and this period also 
includes the major portion of the growing season 
throughout the s ta te . Approximately 83 percent 
of the annual hail occurrences in Illinois are 
recorded in this six-month period. 
Figure 23 shows the March through August 
hail pattern. This map reveals marked s imi la r i -
ties to the average annual distribution (Fig. 2). 
Figure 24 shows the frequency of thunder-
s torms with rainfall of 0.10 inch or more during 
March through August/2) Excellent correlation 
between the hail and thunderstorm patterns is 
indicated. Ridges in the thunderstorm pattern 
appear over northwestern and southwest central 
Illinois in the same general regions as the hail 
maxima. As with the average annual distribu-
tion, the thunderstorm pattern does not indicate 
a ridge over the Shawnee Hills region c o r r e s -
ponding with the hail maximum in that a rea . Low 
areas in the eastern part of the state and west 
of the Illinois River valley are shown on both the 
thunderstorm and hail frequency maps. 
Figure 25 is a mean temperature map for the 
March through August period. It is interesting 
to note that there is a relatively cool a rea in the 
mean temperature pattern corresponding approxi-
mately with the hail maximum in the Shawnee 
Hills region. Similarly, there is a trough in the 
temperature pattern in extreme northwestern Illi-
nois in the region of a hail maximum and to a 
l e s se r extent in the southern portion of west cen-
t ra l Illinois where the pr imary hail maximum 
exis ts . 
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FIGURE 21 TOTAL NUMBER OF DAYS WITH HAIL IN JULY-AUGUST 
DURING AVERAGE 10-YEAR PERIOD 
FIGURE 22 MAXIMUM NUMBER OF HAIL DAYS RECORDED IN ANY 
SINGLE YEAR DURING JULY-AUGUST 
In general, the months of maximum number of 
hail days a re March, April, or May in the south-
ern portion of the state and April, May, or June 
in the northern half of the state, as shown in 
Figure 26. March is the month of maximum oc-
currence in southern Illinois and in small por -
tions of •western and central Illinois. April is 
first or second in the number of hail days over 
three-fourths of the state, ranking first in nor th-
western, east central , and most of southeastern 
Illinois. May ranks first in much of the central 
part of the state and in portions of southeastern 
Illinois. In most of the state, June ranks fourth 
highest in hail frequency; only in northern I l l i -
nois does it assume higher ranking. 
The four consecutive months of heaviest activity 
are March, April, May, and June, except for ex-
t reme northern and northeastern Illinois, where 
July replaces March in the four-month maximum, 
as indicated in Figure 27. 
FALL AND WINTER DISTRIBUTIONS 
Figure 28 shows the average number of days 
with hail in a ten-year period for the fall months, 
September through November. The Springfield 
Plain maximum is present but not pronounced. 
Another high in the extreme western part of the 
state is part of a ridge extending from that a rea 
northeastward to northern and northwestern I l l i -
nois. Minimum occurrences in fall are in the 
extreme eastern and south central portions of the 
state as well as along the Illinois River valley. 
In general, autumn hail is too infrequent to be 
an important factor in agricultural considerations. 
On the average, 11 percent of the annual hail 
days are recorded in fall. 
Figure 29 shows the average frequency of hail 
days for winter, which includes the months of 
December through February. Hail is an infre-
quent phenomenon during winter, particularly in 
the northern half of the state. Less than one p e r -
cent of the total annual occurrences is recorded 
in extreme northern Illinois, while almost ten 
percent occurs in southern Illinois. As a whole, 
the state averages six percent of its annual hail 
days in winter. 
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FIGURE 23 AVERAGE HAIL DISTRIBUTION DURING MARCH-AUGUST EXPRESSED AS NUMBER OF DAYS WITH HAIL 
PER 10-YEAR PERIOD 
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FIGURE 24 FREQUENCY OF THUNDERSTORM DAYS DURING 
MARCH-AUGUST WITH RAINFALL OF 
0.10 INCH OR MORE 
FIGURE 25 MARCH-AUGUST MEAN TEMPERATURES 
ANNUAL AND SEASONAL HAIL EXTENT 
A detailed study of the number of stations r e -
porting hail days at least once during each year, 
during March through August, and during July-
August was undertaken. Stations with acceptable 
records in the 1926 through 1950 period were used 
in the analysis. During these 25 years , the av-
erage number of stations with acceptable records 
was 42 per year with a range of from 49 in 1942 
to 37 in 1933 and 1934. On the average, 88 pe r -
cent of the stations recorded at least one hail day 
per year . However, in 1933 and 1935, 100 p e r -
cent of the stations with acceptable records r e -
ported at least one hail day. The percent of 
stations recording one or more hail days went 
as low as 69 percent in 1949. The range in the 
annual percentage values for the 25 years was 
rather small . In 19 yea r s , the values were within 
a range of +8 percent of the average. 
The average percent of stations reporting at 
least one hail day in the March through August 
period was 82, only six percent lower than the 
average for the entire year . In 1933, 100 pe r -
cent of the stations had at least one day of hail 
in this six-month period, while in 1949 only 64 
percent reported hail days . 
During the July-August period, when hail is 
most likely to cause the greatest crop damage 
in Illinois, only 25 percent of the stations, on 
the average, reported at least one day of hail . 
However, 53 percent of the stations reported at 
least one day of hail during this two-month pe -
riod in 1931, and 51 percent of the stations r e -
ported hail days in 1938. The percentage of s ta -
tions reporting hail days during the July-August 
period has considerably more year- to-year va r ia -
bility than the percentages for the March through 
August period and for the entire year. The low-
est percentage of stations reporting at least one 
day of hail during July and August was five p e r -
cent in 1935. 
These stat ist ics indicate that during an aver -
age year almost 90 percent of Illinois, or 50,000 
square mi les , has at least one day of hail some 
time during the year . In an average year , more 
than 80 percent of the state experiences at least 
one day of hail during the six months of maximum 
hail activity, March through August. Data for 
July and August indicate that in an average year 
approximately 25 percent of Illinois experiences 
one day or more of hail in these two months. 
FIGURE 26 MONTHS OF MAXIMUM HAIL DAYS FIGURE 27 FOUR CONSECUTIVE MONTHS WITH MAXIMUM NUMBER OF HAIL DAYS 
FIGURE 28 FALL AVERAGE HAIL DISTRIBUTION EXPRESSED AS 
NUMBER OF DAYS WITH HAIL PER 10-YEAR PERIOD 
FIGURE 29 WINTER AVERAGE HAIL DISTRIBUTION EXPRESSED AS 
NUMBER OF DAYS WITH HAIL PER 10-YEAR PERIOD 
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FIGURE 30 STATIONS USED FOR 1925-1948 STUDY OF DAILY HAIL AND CLIMATIC DIVISIONS OF ILLINOIS 
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DAILY HAIL STATISTICS 
R e c o r d s f rom 55 s t a t i ons (F ig . 30) w e r e u s e d 
to m a k e a s tudy of the f requency of h a i l days and 
s t a t i ons r e p o r t i n g ha i l . A l so , the d i s t a n c e s s e p -
a r a t i n g s t a t i o n s r e p o r t i n g hai l on a given day of 
ac t iv i ty w e r e inves t iga t ed . Data for the 24 y e a r s 
f rom 192 5 th rough 1948 w e r e u s e d in th is s tudy . 
FREQUENCY OF HAIL DAYS AND 
HAIL R E P O R T S 
Dur ing the 24 y e a r s , 1925 th rough 1948, t h e r e 
w e r e 938 d a y s , or an a v e r a g e of 39 days p e r 
y e a r , when one or m o r e of the 55 s t a t ions (F ig . 
30) r e p o r t e d ha i l . As m a n y as 63 ha i l days w e r e 
r e p o r t e d in one y e a r , 1927, and as few as 23 days 
in 1939. The to ta l and a v e r a g e n u m b e r of days 
with ha i l p e r month and y e a r a r e shown in Table 
4. May with an a v e r a g e of a l m o s t eight days of 
ha i l p e r y e a r has the h ighes t n u m b e r , followed 
by Apr i l with a p p r o x i m a t e l y s ix days and M a r c h 
and June with be tween five and s ix d a y s . 
Dur ing the 24 y e a r s , the 55 s t a t ions had a 
combined to ta l of 1,712 s e p a r a t e r e p o r t s of days 
wi th h a i l , a l m o s t twice a s many as the n u m b e r 
of ha i l d a y s . Actual ly , 698 of the 938 days with 
h a i l , or 74 p e r c e n t , r e s u l t e d f rom c a s e s of only 
one s ta t ion in I l l inois r e p o r t i n g ha i l on a given 
day . T h e r e f o r e , on the r e m a i n i n g 240 days of 
ha i l t h e r e w e r e 1,014 s ta t ion r e p o r t s o f ha i l . That 
i s , 59 p e r c e n t of the h a i l r e p o r t s o c c u r r e d on 
only 26 p e r c e n t of the days with ha i l in the 2 4 -
y e a r p e r i o d . 
Tab le 4 g ives the t o t a l and a v e r a g e n u m b e r of 
ha i l r e p o r t s p e r month and y e a r . May i s i n d i -
ca ted as h ighes t with an a v e r a g e of a l m o s t 16 
r e p o r t s pe r y e a r , followed by Apr i l and M a r c h 
with a p p r o x i m a t e l y 13 each and June with 9 r e -
p o r t s . May h a s had as m a n y as 48 r e p o r t s of 
ha i l in one y e a r , 1933, and as many as 16 days 
of h a i l , 1927. C o n v e r s e l y , t h e r e w e r e n e i t h e r 
days of ha i l nor r e p o r t s of ha i l in May 1939. 
The m a x i m u m and m i n i m u m n u m b e r o f ha i l r e -
p o r t s and ha i l days for e ach month f r o m 1925 
th rough 1948 a r e shown a l s o in Table 4 . 
A r a t i o of the n u m b e r of ha i l days p e r month 
to the n u m b e r of ha i l r e p o r t s p e r month i s shown 
in Table 4 . The lower the r a t i o , the m o r e f r e -
quent a r e the c a s e s of mu l t ip l e ha i l r e p o r t s on 
s ingle days of h a i l . The t h r e e lowes t r a t i o s a r e 
r e a c h e d in M a r c h , A p r i l , and May. The w in t e r 
mon ths have high r a t i o s , ind ica t ing that on w i n t e r 
ha i l days v e r y few s t a t ions r e p o r t h a i l . July , 
August , and S e p t e m b e r a l s o have high r a t i o s which 
a r e c o m p a r a b l e to t hose of the win te r m o n t h s . 
T h e s e r a t i o s ind ica te tha t many midd le and la te 
s u m m e r h a i l s t o r m s extend o v e r a r e l a t i v e l y s m a l l 
a r e a . 
To inves t iga te f u r t h e r the n u m b e r of ha i l r e -
p o r t s on a given day, ha i l days w e r e c l a s s i f i ed 
as having 1, 2, 3, 4, 5, and 6 or m o r e r e p o r t s 
p e r day . Then , the n u m b e r of r e p o r t s in each 
of t h e s e daily c l a s s i f i c a t i o n s was eva lua ted as a 
p e r c e n t o f the to t a l monthly r e p o r t s . T h e s e v a l -
ues a r e shown in Tab le 5 . 
TABLE 4 
MONTHLY AND ANNUAL NUMBER OF HAIL DAYS 
AND HAIL REPORTS FROM 55 STATIONS, 1925 THROUGH 1948 
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T A B L E 5 
P E R C E N T OF MONTHLY AND ANNUAL HAIL R E P O R T S 
RESULTING FROM DAYS WITH 1 TO 6 OR MORE R E P O R T S , 1925 THROUGH 1948 
T A B L E 6 
DISTANCES B E T W E E N HAIL R E P O R T S IN MILES 
Based on Data for 1925 Through 1948 f r o m 55 Sta t ions 
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On the average, almost 41 percent of the an-
nual hail repor ts are from a single station report 
of hail on a given date. The lowest monthly pe r -
cent attributed to only one hail report per day 
occurs in May. April and March rank second and 
third lowest, respectively. January, September, 
and October have the highest percentages of hail 
days with single repor t s . For days with only two 
reports of hail , July has the highest monthly pe r -
centage, 27. October and March have the lowest 
percentages for two reports per day. Annually, 
19 percent of all reports a re from cases with two 
reports per day. From July through January, at 
least 74 percent of the reports in each month are 
in the classification of one or two per day, fur-
ther illustrating the great predominance of days 
with relatively isolated instances of hail during 
these months. 
Excluding December, when relatively few hail 
s torms occur, May ranks highest in days with 
three reports with an average of 21 percent. On 
the average, 15 percent of the total annual reports 
are in the category of three reports per day. 
July ranks highest in the classification of four 
reports per day, although March and April also 
have percentages greater than ten. Days with 
four station reports account for seven percent of 
the total annual hail repor ts . 
Percentages for days with five reports and 
for days with six or more hail reports indicate 
why March has the lowest monthly ratio in Table 
4. The combined percentages for these two c las -
sifications show that 35 percent of the March r e -
ports are for days with five or more reports of 
hail. April has 26 percent of its total reports in 
this category and May has 24 percent. Of the r e -
maining nine months, only June and August have 
had days with five or more reports of hail. 
DAILY AREAL DISTRIBUTION OF HAIL 
Days with more than one report of hail were 
classified according to the number of reports , and 
the extent of hail within the state was investigated 
for each classification on an annual and monthly 
bas is . For days with two reports the average 
distance separating the reporting stations was 
calculated. If more than two reports for a single 
day were available, the longest and shortest d i s -
tances separating any two of the stations were 
determined for each day of activity (Table 6). 
The annual average distance between stations 
with two reports of hail is 95 miles, as shown 
in Table 6. The annual average maximum dis -
tance between stations on a day when three s ta -
tions report hail is 128 miles , increasing to 164 
miles for cases of four reports per day, 180 
miles for five reports per day, and 204 miles 
for six or more repor t s . The longest distances 
recorded for each classification also increase 
with an increase in the number of daily hail r e -
por ts . The longest distance increases from 319 
miles for two reports to 346 miles for six or 
more reports per day. 
Monthly values are given also in Table 6. Very 
little significant difference exists between the 
monthly average minimum distances for each of 
the classifications. However, the average maxi-
mum distances reveal some interesting trends 
from month to month. Cases with two reports 
of hail have their highest average separation in 
August, 140 miles with a secondary high of 130 
miles in March. For the other four classifica- . 
tions, the average maximum distance is greatest 
in March or April. The May average maximum 
distance between reports is third highest in all 
classifications, followed by a continuing decrease 
into June and July for classifications still having 
sufficient cases to calculate averages . August 
reverses this trend in diminishing distances be -
tween repor ts , as an increase is evident for the 
two-per-day and three-per-day classifications. 
The data on areal extent of hail show that 
March and April have the highest percent of cases 
of repor ts of five or more per day, and they also 
have the highest average maximum distances be -
tween any two reports for this classification. 
Therefore, hail activity in Illinois on a given day 
in March or April is more likely to cover a 
greater area than in any other month. On the 
average, May and April have more days of hail 
and hail reports than March, but daily hail activity 
is not quite as widespread as in March. 
During the 24 years under study, there were 
15 days when 11 or more stations reported hail. 
That i s , 20 percent or more of the 55 stations 
had hail. Of these 15 days with a maximum num-
ber of repor ts , nine occurred in March, three in 
April, and three in May. The day with the g rea t -
est number of reports occurred on March 2, 1940, 
when 24 of the 55 stations, or 44 percent, listed 
hail occurrences. These observations indicate 
that about 24,000 square miles of a rea in the state 
were affected by hail on that date. The stations 
reporting hail on this day and on the days with 
the second, third, and fourth highest number of 
reports in this 24-year period are shown in Figure 
31. Further description of these 'our s torms is 
given in Table 7. The maps in Figure 31 give 
some indication of the possible areal extent of 
hail activity in Illinois on a single day in spring. 
METEOROLOGICAL CONDITIONS ASSOCIATED 
WITH WIDESPREAD HAILSTORMS 
An investigation was made of synoptic weather 
conditions associated with the most widespread 
hai ls torms during the 24-year period, 1925through 
1948. The 24 days having the greatest number 
of hail reports during this period were used to 
represent the 24 most widespread s to rms . A 
tabulated summary, showing rainfall area-depth 
relations for each storm, number of hail repor t s , 
location of hail, and synoptic weather type, is given 
in Table 7. North, central, and south, as indi-
cated in the table, refer to the U. S. Weather 
Bureau state climatological divisions ( 5 ) which are 
shown in Figure 30. 
Table 7 indicates that 2 3 out of the 24 days 
with the most hail reports occurred during the 
three spring months. Moreover, 20 of the days 
occurred in the 63-day period from March 2 
through May 3. Of the 24 days, eleven occurred 
in March, six in April, six in May, and one in 
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FIGURE 31 HAIL DISTRIBUTION ON FOUR DAYS WITH MAXIMUM NUMBER OF REPORTS IN 1925-1948 PERIOD 
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June. None occurred in July and August when the 
major crops in Illinois are most susceptible to 
hail damage. Most of the annual hail (57 percent) 
occurs in the March through May period. 
Classification of synoptic weather conditions 
was done by use of printed northern hemisphere 
maps available in the University of Illinois Li -
brary . This classification indicated that three 
of the twenty-four hail days occurred with the 
approach and passage of low centers , eight with 
low centers and associated warm fronts, one with 
a warm front, eleven with cold fronts, and one 
with cold-type occlusion. 
Grouping the synoptic types by month showed 
that seven out of eleven March hail days occurred 
with low centers and associated warm fronts and 
three with cold fronts. In April, five out of the 
six storm days were associated with cold fronts. 
In May there was no dominant synoptic type. 
In general, it was observed that these exten-
sive hai ls torms were associated with strong sy-
noptic systems which had pronounced f r o n t a l 
contrasts and relatively strong surface winds. 
The hail distribution patterns were generally typi-
cal of the associated synoptic system. Line pat -
terns with orientations approximately north-south 
to northeast-southwest were generally associated 
with cold fronts, while broader patterns approach-
ing orientations of west-east usually accompanied 
the low and warm front situations. 
Of the 24 hai ls torms, ten spanned only the 
north and central sections of the state, seven were 
confined to the south and central sections, and 
seven were widespread over the state. Since 
more than one a rea of the state reported hail in 
each s torm, as shown in Table 7, the a rea of 
maximum number of reports was listed first with 
areas of fewer reports following in descending 
order . In all 24 s torms, hail fell in some por -
tions of central Illinois. In March, only five out 
of eleven hai ls torm days produced hail in the 
northern section of the state, while all caused 
hail in the central section and nine produced hail 
in the south. Northern Illinois received hail in 
five out of the six April s torm days. Of the six 
May s to rms , only two affected southern Illinois, 
TABLE 7 
RELATION OF 24 MOST WIDESPREAD HAILSTORMS WITH RAINFALL AND OTHER FACTORS 
1Synoptic types associated with hail day: 
C = cold front, W = warm front, L = low, WL = warm front and connected low, 
and O = occlusion. 
2Location of hail reports in Illinois by three a r e a s : 
N = northern, C = central, and S = southern. 
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and these occurred on days when hail was r e -
corded throughout the state. 
The preceding statistics indicate a trend for 
the more extensive hai ls torms to occur over the 
south and central parts of the state in March, and 
over the north and central portions in April and 
May. In 23 of the 24 s torms investigated, hail 
was recorded within the region of maximum hail 
frequency in southwest central Illinois (Fig. 2). 
This region appears to lie frequently within the 
path of low pressure systems and warm fronts 
in spring and, also, in the southern portion of hail 
bands produced by the approach and passage of 
cold fronts during the spring. 
Relation of Hail to Rainfall 
Reference to the rainfall summary in Table 
7 indicates that relatively heavy rainfall usually 
occurs in the state during periods of extensive 
hail . The rainstorm area-depth relations show 
that in 42 percent of the s torms mean rainfall 
exceeded three inches over 1000 square miles, 
while in 54 percent of the s torms the mean ra in-
fall exceeded two inches over 5000 square miles . 
In 71 percent of the s to rms , mean rainfall ex-
ceeded one inch over 20,000 square miles or 35 
percent of the state. It was found that the major 
portion of the hail occurred within the ra ins torm 
core in most instances. Some of the individual 
ra ins torms which occurred in conjunction with the 
widespread hai ls torms were exceptionally heavy. 
For example, other studies being conducted at the 
Water Survey indicate that a s torm having mean 
rainfall exceeding three inches over 20,000 square 
miles occurs only once in two years on an aver -
age in the entire state of Illinois. The s torms 
of March 29, 1939 and April 23, 1944 both ex-
ceeded the two-year recurrence value for 20,000 
square mi les . 
Columns 9 to 11 in Table 7 show the monthly 
mean rainfall within the a rea of each s torm and 
the percentage of the monthly rainfall which fell 
in each s torm over a reas of 1000 and 20,000 
square mi les . These columns provide another 
measure of the magnitude of the ra ins torms and 
permit an evaluation of the relative severity of 
these s torms in each month. The relative severity 
of the ra ins torms remains approximately constant 
at 20,000 square miles as the warm season ad-
vances, while it tends to increase at 1000 square 
mi les . Using the data presented in Columns 10 
and 11, it was found that the median percentage 
of monthly mean rainfall at 20,000 square miles 
for March and April s torms is 48 compared to 
45 for May and June s to rms . At 1000 square 
miles , the median is 63 percent in March and 
April s torms and increases to 93 percent for May 
and June s to rms . Thus, the data indicate that 
the rainfall intensifies at s torm cores as summer 
approaches, but that the areal extent of the s torms 
does not increase , as would be expected from cl i -
matological considerations. 
Location of Hail Reports 
Analysis of the location of the hail reports for 
these 24 hai ls torm days was conducted to a s c e r -
tain where the hail occurred in respect to the 
heavy rainfall cores . For these 24 s torms there 
were 311 reports of hail . Sixty-three percent, 
or 196 of the 311 reports came from stations 
located within the rainfall core or cores . Nine-
teen percent of the repor ts were from locations 
south of the cores , eleven percent were located 
to the north, four percent were to the west, and 
three percent of the reports lay between heavy 
rainfall cores . 
The 24 storms were divided according to syn-
optic types. Data from twelve of these s to rms , 
eleven cold front and one cold-type occlusion, were 
grouped and compared with data from the twelve 
storms associated with warm fronts and lows. 
The 12 s torms associated with the cold fronts and 
occlusion produced 150 of the 311 repor t s . Fifty-
eight percent of these 150 reports were located 
within the s torm core, while 19 percent were to 
the north, 16 percent to the south, 5 percent to the 
west, and 2 percent occurred between rainfall 
cores . The remaining 161 reports were associated 
with warm fronts and low passages . Sixty-eight 
percent of these 161 reports were within the high 
rainfall cores of the s to rms , 2 3 percent were to 
the south, 3 percent were to the west, 3 percent 
to the north, and 3 percent lay between cores . 
This comparison revealed that in extensive 
hai ls torms associated with lows and warm front 
passages , the hail occurred more frequently in 
the high rainfall a reas than it did with cold front 
passages . The most significant difference between 
the general location of hail occurrences associated 
with the different synoptic types was the frequency 
of occurrence of repor ts on the north and south 
sides of the rainfall cores . Only three percent 
of the reports occurred to the north of a core 
when warm fronts and/or lows occurred, while 19 
percent of the reports from cold fronts lay to the 
north of the cores . Conversely, the warm fronts 
and lows had a grea te r percentage of their r e -
ports on the south side of the cores than did the 
cold fronts. Seventy-seven percent of the cold 
front reports were in the core and to the north, 
while 91 percent of the warm front-low repor ts 
were in the core and to the south of i t . Most of 
the cold fronts moved from the west or northwest, 
and most of the lows and warm fronts moved from 
the south and southwest. 
Diurnally, heavy rainfall in Illinois tends to 
develop later in the day than hail. The prepon-
derance of hail in and to the south of the rainfall 
core with warm fronts and/or lows is in a g r e e -
ment with this diurnal trend. Although the a g r e e -
ment is not as striking with cold fronts, 82 p e r -
cent of the hail occurred in the rainfall core or 
north and west of it. 
Rainfall Amounts at Hail Reporting Stations 
The actual amount of rainfall occurring at s ta -
tions reporting hail in the 24 extensive hailstorms 
was determined. The average station rainfall 
based on the 311 station amounts was 1.16 inches 
and the median value was 0.91 inch. Eighteen of 
the 311 values were three inches or more while 
29 were in the range from 2.00 to 2.99 inches. 
Ninety-six values were in the range from 1.00 to 
1.99 inches while 168 values, or 54 percent, were 
less than one inch. 
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Similar statist ics were compiled for data from 
the different synoptic types. Rainfall from the 
150 stations reporting hail in the 12 s torms asso-
ciated with cold fronts and cold-type occlusion 
averages 1.20 inches, only slightly more than the 
1.11-inch average from stations with hail a s so-
ciated with warm fronts and lows. The cold front 
s torms produced more individual amounts in the 
range from 1.00 to 1.99 inches and in the greater 
than 3-inch category, while the s torms associated 
with warm fronts and lows had more rainfall 
amounts in the range from 2.00 to 2.99 inches 
and in the less than 1-inch category. 
These data also were studied on a seasonal 
bas is . The average rainfall at the 177 hail-
reporting stations associated with the twelve e a r -
liest s to rms , the eleven in March and the first 
in April (April 4, 1927), was 1.08 inches. The 
later twelve s torms , those in June and May plus 
the last five in April, had 134 of the 311 hail 
repor ts and the average rainfall at these stations 
was 1.25 inches. 
Duration and Hourly Occurrences of Hail Periods 
The time of occurrence of the 311 hail reports 
on these 24 days was studied by classifying the 
hail reporting t imes on a hail day into one inclu-
sive period of hail occurrence. This was done for 
two reasons. The individual station reports of 
hail t imes were grouped because the hail on days 
with widespread activity did not occur instanta-
neously and the reporting t imes covered a period 
of several hours . Secondly, the grouping into a 
single period was necessary for most storms so 
that the problem of missing data could be over-
come. Many of the stations did not report the 
time of occurrence, and an accurate sampling of 
all times of occurrence could not be obtained. 
This method did enable a fairly accurate deter-
mination of the period in which all of the hail 
reports had occurred. For instance, if the first 
hail report on a day was 1:15 P.M. and the last 
at 3:45 P.M., the duration of the hail period was 
2.5 hours, and an hourly occurrence for hail was 
recorded for 1 to 2 P.M., 2 to 3 P.M., and 3 to 
4 P.M. 
Several of the storm days exhibited more than 
one general period of hail occurrences . If these 
periods were separated in time by four or more 
hours , they were considered separate periods. 
Ten of the 24 storm days had two hail periods; 
thus, a total of 34 hail periods occurred during 
the 24 s torm days. Five of the days with two 
hail periods were associated with warm front and/ 
or lows, four with cold fronts, and one with an 
occlusion. 
The occurrence of two periods of hail on a 
single day suggested the presence of at least two 
different hail-producing synoptic situations during 
the day. Interestingly, seven of the ten cases 
occurred in the eleven March s torms , and two 
of the remaining three cases occurred in early 
April. 
The average duration of these 34 hail periods 
was 3.3 hours with a maximum duration for one 
period of eight hours and a minimum of 0.4 hour. 
The durations were analyzed also by synoptic types 
and by hours of occurrence in the day. The av-
erage duration of the 17 warm front-low p ressu re 
type of s torms was 3.7 hours compared to an av-
erage of 2.9 hours for the 17 s torm periods a s s o -
ciated with cold fronts. The 15 periods that oc -
curred in the 12 hours from midnight to noon had 
an average duration of 3.3 hours, while 19 periods 
in the 12 hours from noon to midnight had an 
average duration of 3.2 hours . Thus, there was 
no significant difference in durations between 
storms in the morning and afternoon. 
The diurnal distribution of the hail reports was 
computed from the hail periods by counting an 
hourly occurrence for each hour between the be -
ginning and ending t imes of each report , as ex-
plained previously. The 34 storm periods produced 
hail in 127 hours . The maximum hourly number 
was 13 recorded for 4 to 5 P.M. The maximum 
three-hour period was 2 to 5 P.M. and had 28 
percent of the total hourly occurrences . A slight 
secondary maximum occurred from 5 to 8 A.M. 
The maximum six-hour period extended from 1 
to 7 P.M. and had 46 percent of the total occur-
rences . 
The hourly occurrences were divided accord-
ing to the two basic synoptic types involved in this 
analysis. The maximum three-hour and six-hour 
periods for both types were 2 to 5 P.M. and 1 to 
7 P.M., respectively. There was less agreement 
between the hourly occurrence data for the morn-
ing hours . Forty-two percent of the 69 hourly 
reports with warm front-low pressure conditions 
occurred before noon, as compared to 40 percent 
of the 58 cold front hourly occurrences in these 
12 hours . The maximum three-hour period from 
midnight to noon for the warm front-low pressure 
occurrences was 5 to 8 A.M., while for the cold 
front data it was 9 A.M. to noon. 
Hailstone Intensities 
By utilizing U. S. Weather Bureau F i r s t -Order 
and substation records of hail, the hail intensi-
ties from the 311 hail reports of the 24 extensive 
s torms were analyzed. Weather Bureau observers 
classify hail as light, moderate, or heavy depend-
ing on the intensity. A light intensity was r e -
corded when only a few pellets fell, moderate for 
a higher rate of fall and with some accumulation 
of stones on the ground, and heavy when hail falls 
rapidly with a large accumulation on the ground. 
Because the intensities reported in one s torm often 
varied, in classifying each storm, two new cate-
gories -- light to moderate and light to heavy --
were added. Nine of the 24 storms had light in-
tensities only, one had only moderate, and two 
had only heavy intensit ies. Of the remaining 12 
s torms , five were in the light to moderate cate-
gory and seven had intensities ranging from light 
to heavy. Nine of the 24 s torms had at least 
some reports of heavy hail and 15 of them had 
some reports of moderate hail. Light hail occur-
red in 21 of the 24 s to rms . As expected, on all 
nine of the days having heavy intensities of hail, 
hail damage to property was experienced in Il l i-
nois. 
Seasonally, four of nine s torms with heavy 
hailstone intensities came in March, three in. 
April, and two in May. Only three of the eleven 
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March s torms had intensities res t r ic ted to light 
and eight had moderate intensit ies. There was 
no great seasonal variation in the moderate and 
heavy intensities, but six of the last eleven s torms 
had reports of only light intensity, as compared 
to three in the thirteen s torms occurring ear l ier 
in the season. 
Damages from Hailstorms 
The dollar damages resulting from hailstorms 
occurring on the 24 days of most widespread hai l -
s torms in the 192 5 through 1948 period were ob-
tained from U. S. Weather Bureau records . A 
few minor injuries were suffered by persons , but 
no deaths resulted from hail . Thirteen of the 
s torms produced some amount of recorded prop-
erty damages from the hail, but only six of these 
had more than $50,000 in damages. Only two 
s torms (April 9, 1943 and April 4, 1927) resulted 
in appreciable damages, $206,000 and $155,000, 
respectively. The total damages from the 13 hai l -
s torms was $775,000. Nine of the 13 s torms 
producing damages were associated with warm 
front-low p res su re situations and eight of the 
ear l ies t 12 s torms produced hail damage. 
Nine of 13 damaging hai ls torm days had some 
repor ts of heavy hail intensities and three of the 
remaining four cases had moderate hail. One 
s torm, on June 12, 1929 with $5,000 damages, 
had only light hail. Nine of the 13 storms with 
heavy and moderate intensities also had s imul-
taneous reports of light hail . Eight of 13 days 
under discussion had tornadoes. Only three of 
the 11 hai ls torm days with tornadoes did not have 
hail damages. In addition eight of 13 days had 
associated wind damages in addition to the t o r -
nado damages. 
Severe Weather 
On many of the 24 days under analysis, other 
forms of severe weather occurred, such as t o r -
nadoes, windstorms, and lightning. Eleven of the 
24 days had tornadoes, 13 had damaging winds, 
and 6 had damages from lightning. 
On the 11 hail days with tornadoes, a total of 
34 tornadoes was recorded. These 34 were ap-
proximately 30 percent of the total 118 tornadoes 
that occurred in Illinois in the 1925 to 1948 pe-
riod. (6) Moreover, the two days in this period 
with the highest number of tornadoes were March 
30, 1938, with nine, and May 9, 1927, with seven. 
These were also two of the 24 most extensive 
hail days. In addition, eight of the eleven tornado 
days associated with the extensive hail days were 
classified as destructive. ( 6 ) To be classified 
destructive, the tornadoes must have produced 
$50,000 or more in property damages and killed 
at least one person. These eight days included 
one-fifth of all the destructive tornadoes that oc-
curred in Illinois during this period. 
The 34 tornadoes associated with the extensive 
hai ls torms killed 78 persons , injured 667, and 
caused $5,497,000 in property damages. Twenty-
one of the tornadoes were associated with the 
ear l ies t 12 hail days. Tornadoes occurred on 
seven of these first 12 days compared to only 
four in the last 12 days. As expected, a greater 
proportion of the damages, injuries, and deaths 
resulted from the tornadoes that occurred in the 
first 12 s to rms . In only two of the 11 tornado-
hail days were the hail intensities less than mod-
era te , further illustrating the tremendous strength 
of the synoptic systems associated with many of 
the days of extensive ha i l s torms. All four of the 
most extensive hai ls torm days (Fig. 31) had t o r -
nadoes plus wind or lightning damages. 
The total damages resulting from windstorms 
on the 24 hail days was $2,005,000 in property 
damages and two deaths. Associated lightning 
produced $38,000 in damages and killed three 
persons . The grand total of property damages 
from hail and other severe weather phenomena 
on these 24 days was $8,315,000 or approxi-
mately $347,000 per s torm. The total number 
of deaths was 83, and 667 persons were injured. 
DIURNAL DISTRIBUTION OF HAIL 
As pointed out ear l ie r , the hail records of the 
U. S. Weather Bureau cooperative substations fre -
quently did not list the time of hail occurrences . 
Thus, an accurate sampling of the diurnal d i s -
tribution could not be obtained from this source. 
However, time of occurrence of hail was avai la-
ble from hail insurance records in Illinois for 
1948 through 1957.(7) Suitable data were avai la-
TABLE 8 
DIURNAL DISTRIBUTION OF HAIL 
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ble in these insurance records for the months 
May through October, but, unfortunately, the r e c -
ords included very little statistical data for March 
and April, two of the months of heavy hail oc-
currence. This lack of data is to be expected in 
crop-hail insurance records , since relatively little 
crop.damage from hail occurs in the early spring 
in Illinois. Another limiting factor of the hail 
insurance data is that most of the ten years of 
data was collected from reports in northern and 
central Illinois. There was very little hail in-
surance coverage in southern Illinois. However, 
it is believed that the insurance statist ics on the 
diurnal distribution of hail a re representative of 
conditions in Illinois despite the data limitations 
described above. 
Days with fewer than five paid hail losses 
were omitted from the analysis to eliminate en-
t r ies due to observational e r ro r s and days with 
insignificant hail activity. Otherwise, each day 
of hail losses was examined and each hour dur-
ing that day on which one or more hail losses 
occurred was recorded as an hour with hail. No 
distinction was made between the number of losses 
in each hour on a part icular hail day. Thus, if 25 
losses occurred at 3:00 P.M. and 50 losses at 4:00 
P.M. on a certain day, only one entry would be 
made on the tabulation sheet for each of these hours. 
Due to the data source, the analysis was necessa r i -
ly restr ic ted to data for damaging hai ls torms. 
The diurnal hail distribution for Illinois from 
1948 through 1957, as indicated by the hail in-
surance data, is summarized in Table 8 by months 
and for the May through October period. Column 
2 shows the total number of hours with hail for 
each month. The 1-hour, 2-hour, 3-hour, 6-hour, 
and 12-hour periods having the most frequent oc-
currences of hail and the percent of the total num-
ber of hail hours observed during each of these 
maximum periods is given in columns 3 through 
12. Table 8 shows the maximum frequency of 
hail to be from early afternoon to early evening 
throughout the May through October period. This 
agrees with findings concerning the hourly occur-
rences of the 24 most extensive hai ls torms in the 
1925 through 1948 period. Combining the six 
months, the hour of maximum occurrence was 
3:30 P.M. to 4:30 P.M. during the 1948 through 
1957 period. However, differences between this 
hour and the hour preceding and following were 
insignificant, as shown by the percent of total hail 
hours for the 2-hour and 3-hour maximum periods 
beginning at 2:30 P.M. Table 8 shows that during 
the May through October period 8.7, 17.3, 26.0, 
and 46.1 percent of the total hail hours occur 
within the maximum 1-hour, 2-hour, 3-hour, and 
6-hour periods, respectively. If hail were d i s -
tributed uniformly throughout the day, the p e r -
centages would be 4.2, 8.3, 12.5, and 25.0 for 
these hourly periods, respectively. Thus, the 
maximum one-hour period includes more than 
double the occurrences to be expected during an 
average hourly period, while the maximum six-
hour period, 1:30 P.M. to 7:30 P.M., includes 
nearly double the average six-hour frequency. 
FIGURE 32 DIURNAL DISTRIBUTION OF HAIL, THUNDERSTORM, TORN ADO, AND HEAVY RAINFALL OCCURRENCES 
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The t i m e s of m a x i m u m f requency of ha i l found 
in the I l l inois s tudy c o m p a r e favorably with those 
of Beckwi th , ( 8 ) b a s e d upon an o b s e r v a t i o n a l n e t -
work o p e r a t e d in the Denve r a r e a dur ing 1949 
th rough 1955. P e r c e n t a g e s of to t a l o c c u r r e n c e s , 
h o w e v e r , differ c o n s i d e r a b l y be tween the two l o -
c a t i o n s , a s m igh t b e e x p e c t e d c o n s i d e r i n g c l i -
m a t i c and t o p o g r a p h i c d i f f e r ences be tween the two 
a r e a s and that the I l l inois da ta include only d a m -
aging h a i l s t o r m s . 
The d iu rna l d i s t r i bu t i on of t o r n a d o e s in I l l inois 
i s v e r y s i m i l a r to that of ha i l , as i l l u s t r a t e d in 
F i g u r e 32 . Dur ing 1927 th rough 1952, 140 t o r -
nadoes o c c u r r e d in I l l i n o i s . ( 6 ) The m a x i m u m 
o n e - h o u r p e r i o d was 3:00 P . M . to 4:00 P . M . when 
16 p e r c e n t of the to ta l n u m b e r o c c u r r e d . Dur ing 
the m a x i m u m t h r e e - h o u r p e r i o d , 3:00 P . M . to 
6:00 P . M . , 40 p e r c e n t of the to t a l n u m b e r was 
o b s e r v e d . F r o m 3:00 P . M . to 9:00 P . M . , 67 p e r -
cent of the t o t a l o c c u r r e d . The s t r o n g d iu rna l 
m a x i m a dur ing a f te rnoon and e a r l y evening for 
both h a i l s t o r m s and t o r n a d o e s ind ica te tha t d iu rna l 
hea t ing i s an outs tanding in i t i a t ion m e c h a n i s m for 
both. The s l igh t s e c o n d a r y m a x i m a dur ing the 
e a r l y m o r n i n g (F ig . 32) w e r e appa ren t l y a s s o c i a t e d 
with the Midwes t n o c t u r n a l t h u n d e r s t o r m p h e n o -
mena . ( 4 ) 
E x a m i n a t i o n of the h o u r l y o c c u r r e n c e s of t h u n -
d e r s t o r m s a t Spr ingf ie ld and Moline f r o m 1948 
th rough 1955 i nd i ca t e s t ha t the d iu rna l m a x i m u m 
o c c u r s l a t e r than the m a x i m a of h a i l s t o r m s and 
t o r n a d o e s (F ig . 32). The m a x i m u m t h r e e - h o u r 
p e r i o d was found to be 7:00 P . M . to 10:00 P . M . 
with 16 p e r c e n t of the t o t a l c a s e s , while the m a x i -
m u m s i x - h o u r pe r iod , 7:00 P . M . to 1:00 A.M. , had 
31 p e r c e n t of the tota l s t o r m s . 
An a n a l y s i s of hour ly r a in fa l l amoun t s e x c e e d -
ing one inch a t a l l I l l ino is r e c o r d i n g r a i n gage 
s t a t i ons dur ing 1948 t h rough 1957 r e v e a l e d a n o c -
t u r n a l m a x i m i z i n g of t h e s e ra in fa l l heavy i n t e n s i -
t i e s . The r e s u l t s ind ica te tha t the r a in fa l l d i u r n a l 
peak o c c u r s somewha t l a t e r than the t h u n d e r s t o r m 
m a x i m u m (F ig . 32). The m a x i m u m o n e - h o u r p e -
r iod was found to be 9:00 P . M . to 10:00 P . M . with 
eight p e r c e n t of the to t a l c a s e s or a p p r o x i m a t e l y 
double the a v e r a g e hour ly n u m b e r tha t would o c c u r 
with a u n i f o r m d i s t r i b u t i o n . S i m i l a r l y , a t h r e e -
hour m a x i m u m which inc luded 19 p e r c e n t of the 
to t a l c a s e s was ind ica ted f r o m 9:00 P . M . t o m i d -
night , while the s i x - h o u r peak f r o m 9:00 P . M . to 
3:00 A.M. inc luded 34 p e r c e n t of the t o t a l s t o r m s . 
Ana lys i s of cloud d i s t r i b u t i o n s ( 9 ) ove r I l l inois 
r e v e a l s that dur ing the w a r m s e a s o n a d i u r n a l 
m a x i m u m of cumulus o c c u r s in the e a r l y a f t e r -
noon. Cumulon imbus and c i r r u s show a la te af-
In the high p la ins i t h a s been found tha t ha i l 
f r equency i n c r e a s e s wi th i n c r e a s i n g e l eva t ion of 
o b s e r v a t i o n po in t s above s e a level.(4) While e l e -
va t ions a r e r e l a t i v e l y low and changes in loca l 
re l ie f a r e s m a l l i n I l l ino is c o m p a r e d to t hose 
f a r t h e r w e s t , i t a p p e a r e d d e s i r a b l e to ana lyze the 
I l l inois ha i l da t a to d e t e r m i n e if a c o r r e l a t i o n 
ex i s t ed be tween e leva t ion and ha i l f r equency . 
t e rnoon and e a r l y evening peak du r ing the w a r m e r 
h a l f - y e a r . S t r a t o c u m u l u s and midd l e clouds have 
an e a r l y forenoon p r i m a r y m a x i m a , followed by 
s e c o n d a r y d iu rna l m a x i m a in the l a t e af ternoon 
and evening dur ing the w a r m s e a s o n . 
The d i u r n a l cloud d i s t r i b u t i o n s - - when t aken 
into c o n s i d e r a t i o n wi th the d iu rna l d i s t r i bu t ion of 
h a i l s t o r m s , t o r n a d o e s , t h u n d e r s t o r m s , and heavy 
ra infa l l - - s u g g e s t a log ica l s e q u e n c e in the d e -
ve lopmen t and s u s t a i n m e n t of convec t ion s y s t e m s . 
Cumulus , c h a r a c t e r i s t i c of the e a r l y deve lopmen t 
s tage of convect ion s y s t e m s , m a x i m i z e in the e a r l y 
af ternoon n e a r the t i m e o f m a x i m u m d iu rna l s u r -
face hea t i ng . H a i l s t o r m s and t o r n a d o e s a r e a s -
soc ia t ed usua l ly with r e l a t i v e l y v io len t convec t ion . 
Other f a c t o r s being equa l , v io len t convect ion would 
occur m o s t f r equen t ly dur ing the a f te rnoon h o u r s 
when i t r e c e i v e s i t s m a x i m u m s u p p o r t f rom d i u r -
nal hea t ing . Heavy, s u s t a i n e d r a i n f a l l i n t ens i t i e s 
a r e m o s t l ike ly to o c c u r in I l l ino is with w e l l -
developed, w i d e s p r e a d convec t ion s y s t e m s (squal l 
zones) ind ica t ive of a s t r o n g , s u s t a i n e d flow of 
m o i s t a i r in to the s t o r m zone . The m a x i m i z i n g 
of c u m u l o n i m b u s , m i d d l e , and high clouds dur ing 
la te a f t e rnoon and e a r l y evening is ind ica t ive of 
the t i m e r e q u i r e d for deve lopmen t of ex tens ive 
convect ion s y s t e m s , a f t e r e a r l i e r in i t i a t ion by 
c u m u l u s . The m a x i m i z i n g of the t h u n d e r s t o r m 
f requency dur ing the evening fol lowed by a peak 
in heavy ra in fa l l i n t e n s i t i e s would f o r m a log ica l 
s e q u e n c e a s the convect ion s y s t e m s m a t u r e . 
Whether ha i l , t o r n a d o e s , and heavy ra infa l l o c c u r 
on the s a m e day is dependent upon v a r i o u s o the r 
synopt ic cond i t ions , for e x a m p l e , the ava i lab i l i ty 
of m o i s t u r e to s u p p o r t heavy s u s t a i n e d ra in fa l l 
o r a p p r o p r i a t e t h e r m o d y n a m i c condi t ions for the 
r e l e a s e of v io len t convec t ion when a ided by s u r -
face hea t ing . 
An outs tanding e x a m p l e of t h e sequen t i a l o c -
c u r r e n c e of a l l t h r e e types of s t o r m s on one day 
o c c u r r e d on June 14, 1957. On t h i s day , one t o r -
nado t r a v e l e d t h rough the Spr ingf ie ld a r e a in c e n -
t r a l I l l inois a t 2 P . M . and ano the r o c c u r r e d n e a r 
Kankakee in the n o r t h e a s t e r n p a r t of the s t a t e a t 
3 P .M. On the s a m e a f t e rnoon , ha i l was w i d e -
s p r e a d ove r n o r t h e r n and c e n t r a l I l l ino i s , m o s t 
of i t o c c u r r i n g be tween 2:30 P . M . and 4:30 P . M . 
acco rd ing to C r o p - H a i l I n s u r a n c e da ta . ( 7 ) Dur ing 
the night , one of the m o s t s e v e r e r a i n s t o r m s in 
I l l inois h i s t o r y took p l ace in s o u t h w e s t e r n I l l inois 
w h e r e r a in fa l l a m o u n t s up to 16.5 inches w e r e 
r e c o r d e d in l e s s t han 12 h o u r s with the h e a v i e s t 
ra in fa l l be tween 11:30 P . M . and 2:30 A . M . ( 1 0 ) As 
ind ica ted e a r l i e r i n t h i s r e p o r t i n the d i s c u s s i o n 
of synopt ic w e a t h e r condi t ions accompany ing w i d e -
s p r e a d h a i l s t o r m s , heavy r a i n and ha i l f requent ly 
occur on the s a m e day. 
In a c c o m p l i s h i n g the e leva t ion a n a l y s i s , 80 
ava i lab le s t a t i ons p r o v i d e d an a p p r o x i m a t e l y u n i -
fo rm d i s t r i b u t i o n of s amp l ing poin ts th roughout 
the s t a t e . The e l eva t ion of t h e s e po in t s was then 
plot ted a g a i n s t the annua l ha i l f r equency for each 
(F ig . 2 ) . A s i m i l a r p lo t was m a d e with J u l y -
August ha i l da ta , b e c a u s e of the suscep t ib i l i t y of 
c rops t o ha i l d a m a g e dur ing t h i s p e r i o d . 
RELATION OF HAIL TO ELEVATION 
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FIGURE 33 ANNUAL HAIL FREQUENCY VERSUS STATION ELEVATION 
FIGURE 34 JULY-AUGUST HAIL FREQUENCY VERSUS 
STATION ELEVATION 
F i g u r e 35 is an a v e r a g e cu rve of ha i l f r e q u e n -
cy v e r s u s m e a n t e m p e r a t u r e for the Ju ly -Augus t 
p e r i o d . A t r e n d for d e c r e a s i n g ha i l f requency 
with i n c r e a s i n g t e m p e r a t u r e i s i nd ica ted . The 
h ighes t e leva t ions in I l l inois a r e in the n o r t h w e s t -
e r n p a r t of the s t a t e , and the Ju ly -Augus t m e a n 
t e m p e r a t u r e s d e c r e a s e n o r t h w a r d in the s t a t e with 
m i n i m u m va lues i n n o r t h w e s t e r n and n o r t h e a s t e r n 
I l l i no i s . Thus , the t e m p e r a t u r e inf luence m a x i -
m i z e s in the s a m e r e g i o n as the e l eva t ion and 
r a i s e s the ques t ion as to which , i f e i t h e r , i s the 
m a j o r cause of the s m a l l changes in h a i l f r e -
quency shown in F i g u r e s 3 4 - 3 5 . As pointed out 
e a r l i e r , the a u t h o r s be l i eve the s l igh t i n c r e a s e s 
of ha i l f requency in the hi l l r e g i o n s of s o u t h e r n 
and n o r t h w e s t e r n I l l inois a r e a s s o c i a t e d with 
a b r u p t changes in r e l i e f r a t h e r than o v e r - a l l 
changes of e l eva t ion . 
F i g u r e 33a shows a s c a t t e r g r a m of the 80 
poin ts r e l a t i n g annual ha i l f requency to s ta t ion 
e l eva t ion . F i g u r e 33b shows an a v e r a g e curve 
ob ta ined by a v e r a g i n g a l l po in t s within each 100-
foot e l eva t ion i n c r e m e n t . The n u m b e r s a t the 
p lo t ted poin ts r e p r e s e n t the a c t u a l n u m b e r of s t a -
t ions on which the a v e r a g e for each e leva t ion i n -
c r e m e n t i s b a s e d . The s m a l l n u m b e r of s ta t ions 
on which the h ighes t and lowes t e leva t ion va lues 
a r e b a s e d is due to the fact that only a s m a l l 
p o r t i o n of the s t a t e h a s such e l e v a t i o n s . As m e n -
t ioned p r e v i o u s l y , the s amp l ing points w e r e s e -
l ec t ed to p r o v i d e an a p p r o x i m a t e l y u n i f o r m g r id 
over the s t a t e . F i g u r e 33 ind ica t e s that v e r y l i t -
t le a s s o c i a t i o n e x i s t s be tween annual ha i l f r e -
quency and s t a t i on e levat ion in I l l ino is . 
F i g u r e 34 shows a m e a n cu rve for the a v e r -
age f r equency of ha i l in Ju ly -Augus t p lo t ted aga in s t 
e l eva t ion , s i m i l a r to F i g u r e 33b. H e r e , the curve 
i nd i ca t e s a s l igh t i n c r e a s e in ha i l f requency with 
i n c r e a s i n g e l eva t ion . 
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